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Abstract. Collection methods and/or habitats sampled influence how many and which species are captured during 
entomological surveys. Here we compare Coleoptera catches among three survey activities, each using a single 
collection method, at the same study sites in Great Smoky Mountains National Park, USA. Activities included: 
short-term flight intercept trapping (FITs); sifting/Berlese funneling of leaf litter and extremely decayed downed 
coarse woody debris; and using emergence chambers containing coarse woody debris of various decay classes. In 
total, 2472 adult beetle specimens, representing 217 lowest identifiable taxa within 164 genera and 42 families, 
were collected during the FIT survey. Each survey activity yielded more than 2000 specimens, and a combined 
total of 413 species was collected. A combination of all surveys yielded the highest species richness when normal-
ized for number of specimens indicating that variation of habitat and/or collection method significantly increases 
species richness. Of single surveys the FIT survey had the highest absolute species richness (217) and the highest 
richness when normalized for number of specimens. Species overlap among survey activities was low (Sorensen’s 
quotient of similarity was 0.20–0.27), which showed that each was about equally dissimilar from all others. Overlap 
of catch between FITs and emergence chambers was too low to justify substitution of emergence surveys with the 
FIT survey protocol used when attempting to collect saproxylic Coleoptera.
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Introduction
 Concerning conservation of biodiversity, Aldo Leopold (1949) once admonished, “To keep every cog 
and wheel is the first precaution of intelligent tinkering.” However, from a practical standpoint, an 
inventory of the “cogs” and “wheels” (species) at a location, in a community, or within a habitat can be 
quite daunting, especially for entomologists. The large number and similarity of many species, difficulty 
of identification of immature forms, relatively short adult life spans, wide variety of micro-niches, and 
apparent scarcity of some species all contrive to make full inventories difficult.
 Habitat and collection method have a major influence over which species and how many specimens 
are collected. Hammond (1990), in his overview of early results from Project Wallace, where more than 
1,000,000 tropical beetle specimens were collected using a wide variety of techniques, reported that 
60% of species were collected from only one type of sample. Siitonen (1994) found that window traps 
collected more saproxylic beetle species associated with a wider variety of habitats than subcortical 
hand sampling in a northern Finland forest. Hammond (1997) found that window traps and emergence 
collections showed taxon bias when used to collect arthropods in a Canadian forest. Window traps col-
lected 204 beetle species whereas emergence collected 161 and a 42% overlap of species between the 
two surveys was documented. Ranius and Jansson (2002) surveyed beetles in hollow oaks using pitfall 
traps, window traps, and hand searching through wood mold. They found significant differences in catch 
among the three collection methods despite limiting themselves to a very specific habitat that occupies 
a relatively small volume. Window traps collected a greater number and wider variety (based on micro-
habitat group) of species, but under-sampled eight species compared to the other methods. Touroult et 
al. (2010) compared seven methods used to collect longhorn beetles (Cerambycidae) in French Guiana. 
They found that time was an important factor in determining the efficiency of methods; emergence and 
flight intercept trapping (FIT) was most efficient during long studies, whereas direct collection (beating, 
hand collection) was most efficient during very short studies.
 Species inventories and other comparative research are generally conducted by obtaining speci-
mens (physical or observational) through “collecting” or “sampling” and here we differentiate the two 
activities. Collecting is a broad term for procuring specimens in any fashion or variety of fashions. It 
may be systematic, standardized, haphazard, eclectic, or serendipitous. Often specimens or groups of 
specimens obtained through collecting cannot be compared in any statistical sense to other groups, but 
this does not reduce the value of non-standardized collecting, which is vitally important for inventories, 
exploration of microhabitats, and obtaining specimens for taxonomic use.
 However, often due to the nature of the question being asked, collecting sensu lato may not be ap-
propriate and sampling, a type of collecting, must be employed. A sample is the subset representative 
of a larger set of entities (known as the “target statistical population”) (Dauffy-Richard et al. 2009). A 
sample is more than the specimens obtained; it also contains information important for standardiza-
tion (e.g., concerning scale, technique, effort, etc.) so that samples can be compared with one another, 
and meaningful statements, such as extrapolations, can be made about a total. Samples also help to 
overcome collector bias. Conducting appropriate ecological studies without “sampling” may be impos-
sible, and for the remainder of this study the term “sample” is used in this strict sense.
 These designations are meant to emphasize that general collecting and sampling are both important 
tools but are generally appropriate for answering different questions. Nageleisen and Bouget (2009, 
and chapters therein) provided an excellent overview of general considerations and techniques used for 
conducting inventories of insects in forests. They emphasized the need to develop a priori a sampling 
protocol designed to answer the specific question being asked.  Additionally they stressed that observa-
tions should be, above all, biologically meaningful, and that any sampling design and statistics should 
be based on the question being asked, not vice versa.
 Concurrent research conducted at six sites in Great Smoky Mountains National Park (GSMNP), 
Tennessee, provided a unique opportunity to compare surveys used to inventory Coleoptera. Ferro et al. 
(2012a) surveyed Coleoptera in two habitats (or sub/meso-habitats within the greater “forest habitat”), 
leaf litter and hardwood coarse woody debris decay class V, using a sifting/Berlese funneling (sifting/
Berlese) collection method. Three samples of each substrate were taken at each location during fall of 
2006 and again spring 2007 (total of 12 samples at each site). They collected a total of 2069 specimens 
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and 128 species from both habitats combined at the two sites (Porters Creek and Greenbrier) surveyed 
during this study.
 Ferro et al. (2012b) used emergence chambers to survey saproxylic Coleoptera emergent from the 
general woody debris habitat. Three samples of each of the following were taken at each study site 
during April 2006: fine woody debris decay class I and decay class II; coarse woody debris decay class 
I; decay class II; and decay classes III and IV combined (total of 15 samples at each site). Each sample 
consisted of enough substrate to fill a 68-L emergence chamber three-fourths of its capacity. Cham-
bers were sealed and specimens emergent from dead wood were collected over a two year period. They 
collected a total of 2630 specimens and 190 species at the two sites (Porters Creek and Greenbrier) 
surveyed during this study.
 The purpose of this research was to compare Coleoptera obtained from a survey using short-term 
FITs with those from sifting/Berlese and emergence surveys. A secondary goal was to determine whether 
short-term FITs could be substituted for emergence when attempting to collect saproxylic Coleoptera. 
Material and Methods
Study Area. Great Smoky Mountains National Park was established in 1934, named as an International 
Biosphere Reserve in 1976, and a World Heritage Site in 1983. It encompasses 211,000 ha (521,490 
acres) in Tennessee and North Carolina, USA. Five major forest communities are recognized in the 
park, though 80% may be broadly classified as eastern deciduous forest (Houk and Collier 1993). The 
eastern half of the park contains the largest remaining tract of old growth forest in the eastern U.S. 
(Davis 1996). See Ferro et al. (2012b) for more details.
Study Sites. Overstory vegetation data were obtained from Madden (Geospatial Dataset-1047498), 
and understory vegetation data were obtained from Madden (Geospatial Dataset-1047499); see Welch 
et al. (2002) and Madden et al. (2004) for a description of how data were collected. Geology data were 
obtained from National Park Service (2006). Vegetation disturbance history data were obtained from 
National Park Service (2007). Data on forest type in 1938 were obtained from National Park Service 
(2009). Three locations within each study site were surveyed using a point relascope sampling technique 
(Brissette et al. 2003; Gove et al. 1999). Findings were averaged to obtain volume of CWD per hectare 
at each study site.
 Collections took place at two locations in GSMNP:
 1) Porters Creek (TN: Sevier Co.: N35˚40.790’ W83˚23.855’). The site was on Thunderhead Sandstone, 
has an acid cove forest overstory, and a medium rhododendron understory. Vegetation disturbance 
was light cut and during a 1938 survey this location was designated as cove hardwood. Coarse woody 
debris volume was 290 m3/ha. Because of the history of minimal disturbance this site is referred to as 
“primary forest.”
 2) Greenbrier (TN: Sevier Co.: N35˚43.147’ W83˚23.349’). The site was on Roaring Fork Sandstone, 
has a successional hardwood overstory, and an herbaceous/deciduous understory. Vegetation distur-
bance was settlement class and during a 1938 survey this location was designated as grassland. Coarse 
woody debris volume was 143 m3/ha. Because of the history of disturbance (heavily logged) this site is 
referred to as “secondary forest.”
Sampling. Three ground-level FITs (see Schauff 2001 for basic design) were erected at each site on 1 
July 2007 and removed on 8 July 2007. Each trap consisted of a vertical mesh pane 1 m high and 3 m 
long, a plastic horizontal rain fly 1 m wide and 3 m long, and eight collection containers with a combined 
collection surface of 1830 cm2. Propylene glycol antifreeze (Prestone® Low Tox™ brand) was used as 
a killing and preserving agent. Position of traps was based on convenience, not based on proximity to 
snags or logs. Timing of sampling was based on anecdotal observations that FIT trapping is better in 
summer than spring or fall.
 Adult Coleoptera were pinned or pointed as needed and labeled. Identification to the finest level 
possible (typically species) was performed with the appropriate taxonomic literature (primarily Arnett 
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and Thomas (2001) and Arnett et al. (2002) and 
references therein, plus additional literature as 
needed), and/or comparison with authoritatively 
identified reference specimens. Specimens are de-
posited in the Louisiana State Arthropod Museum 
(LSAM), LSU AgCenter, Baton Rouge, Louisiana, 
and Great Smoky Mountains Natural History 
Museum (GSNP), Gatlinburg, Tennessee.
Data analysis. Individual-based rarefaction 
curves were used to compare species richness 
among surveys (Gotelli and Colwell 2001). Curves 
were constructed using code developed by MLF 
and KEH and run in the R programming environ-
ment (R Development Core Team 2010).  For each 
subset, 1000 rarefaction curves were created, an 
average curve and its 95% confidence limits were derived from the simulations, and a significant devia-
tion from the simulated average occurred when an observed value fell outside the confidence interval. 
Each rarefaction curve is shown with a combination of these three lines and an average curve that lies 
outside the confidence interval of another curve can be considered different at least at the α = 0.05 level.
 Capture similarity was assessed using Sorensen’s quotient of similarity (Southwood 1978). 
Results
 In total, 2472 adult beetle specimens, representing 217 lowest identifiable taxa within 164 genera 
and 42 families, were collected during the FIT survey. Of the 217 lowest identifiable taxa, 8 were iden-
tifiable only to family or tribe, 48 were identifiable only to genus, and 162 were identified to species 
(Appendix 1). Groups only identified to family, tribe, or genus may contain multiple species. For the 
remainder of the results and discussion all lowest identifiable taxa will be referred to as “species” in 
an attempt to reduce jargon and increase readability.
 Staphylinidae were, by a wide margin, the most species rich family collected from the FIT survey 
with 66 species, followed by Leiodidae (25 spp.), Elateridae (11 spp.), and Curculionidae (10 spp.). 
Sixteen families were represented by a single species. Five species were represented by more than 100 
specimens, and 87 species (40%) were singletons.
 At the Porters Creek site 1393 adult beetle specimens, representing 131 species within 107 genera 
and 34 families, were collected. At the Greenbrier site 1079 adult beetle specimens, representing 160 
species within 126 genera and 34 families, were collected.
 Species richness based on species accumulation curve comparisons (Fig. 1) was highest for all sur-
veys combined, followed by FIT, emergence, and lastly sifting/Berlese. All were significantly different 
from one another.
 Sorensen’s quotient of similarity for collection methods showed least similarity between sifting/
Berlese and FIT (0.20), intermediate similarity between sifting/Berlese and emergence (0.22), and 
highest similarity between emergence and FIT (0.27).
Discussion
 All surveys combined yielded 413 beetle species. The FIT survey collected 2472 specimens and 217 
beetle species, compared to 2630 specimens and 190 species from the previous emergence survey (Ferro 
et al. 2012b), and 2069 specimens and 128 species from the previous sifting/Berlese survey (Ferro et 
al. 2012a) (Appendix 1). Emergence and FIT surveys shared the most species (55, 16%) while sifting 
and FIT surveys shared the fewest species (34, 11%) (Fig. 2). Only 15 species (4%) were collected in all 
three surveys. In total 80% of species were collected in only a single survey activity. Hammond (1990) 
reported 60% of beetle species collected from a single collection type, but collected many more specimens 
(1,000,000+) and used a wider variety of survey activities.
Figure 1. Species accumulation curves for a: all survey 
activities combined; b: FIT activity; c: emergence activity; 
d: sift/Berlese activity.
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 The species accumulation curve for all surveys 
combined was significantly higher than any single 
survey. The individual influences of either habitat 
or collection method cannot be assessed based on 
this study, but it is clear that variation of those 
factors significantly increases species richness.
 Of individual surveys, the FIT survey collected 
significantly higher species richness than any 
other survey (Fig. 1). However, surveys had 
low similarity, ranging from 0.20 to 0.27, which 
showed that each was about equally dissimilar 
from all others. Therefore, substitution of one sur-
vey for another would be ineffective at recovering 
similar species.
Application of Survey Comparisons. Use 
of multiple collection techniques and collection 
from multiple habitats at a single site offers an 
opportunity to compare techniques, and provides 
rudimentary natural history and ecological in-
formation about the taxa collected. Leptoplectus 
pertenuis (Casey) (Staphylinidae) is represented 
by three specimens collected by sifting, 39 emer-
gent from CWD, and two collected in FITs. Mul-
tiple collection techniques showed that L. pertenuis may be found in a various places, but that it is 
most abundant in CWD. In contrast Cercyon occallatus (Say) (Hydrophilidae) is represented by four 
specimens collected by sifting, one emergent from CWD, and 385 collected with FITs. The large number 
of specimens collected with FITs shows that C. occallatus, while also collected in a variety of places, 
is not a general leaf litter dweller or associated with CWD, but must be spending its time elsewhere.
 Myrmedonota n. sp. (Staphylinidae) offers an interesting mystery. In total, 282 specimens were 
collected from both sites with FITs, but no specimens were collected from leaf litter or dead wood. A 
short adult life span or specificity of microhabitat (e.g. particular fungi, etc.) may explain this inter-
esting observation, but until specimens are collected from a particular substrate, explanations will 
remain speculative. Without FIT collections this apparently abundant undescribed species would have 
remained overlooked.
Saproxylic Coleoptera. Other researchers (Siitonen 1994; Hammond 1997) reported a wide overlap 
of saproxylic beetle species between flight intercept traps and other collection methods. However, their 
intercept traps were generally much smaller and placed immediately against target habitat such as 
snags. Additionally they trapped over a much longer period time, up to eight months over a two year 
period.
 Within this research, most families with a high proportion of saproxylic species were poorly rep-
resented in the FIT survey compared to the emergence survey. However, Leiodidae, Mordellidae, and 
Nitidulidae, families with some saproxylic species, were better represented in the FIT survey than either 
emergence or sifting/Berlese surveys (Appendix 1). Overlap of catch between the FIT and emergence 
surveys was too low to justify substitution. Therefore, a survey composed of the FIT collection protocol 
used in this research is not an effective alternative to emergence surveys when attempting to collect 
saproxylic Coleoptera.
Related Research. This publication represents a portion of a larger body of research, specifically the 
Coleoptera component of the All Taxa Biodiversity Inventory at GSMNP (Carlton and Bayless 2007). 
See Ferro et al. (2012b) for a list of publications resultant from this research.
Figure 2. Species overlap among survey activities. Size 
of circle is proportional to species richness.
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Conclusion
 An accurate survey of the Coleoptera in a given area is difficult owing to the wide variety of species 
and their habits. The three separate surveys using different collection methods and targeting differ-
ent habitats resulted in the total collection of 7171 specimens and 413 beetle species at two sites in 
GSMNP. However, there was very little overlap in catch among surveys, indicating that various survey 
types would increase catch richness, and that substitution of one survey type for another will not yield 
similar species.
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